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An improved immunohistochemical diagnostic technique for
canine leptospirosis using antileptospiral antibodies on renal

tissue

Chad J. Wild, Justin J. Greenlee, Carole A. Bolin, Jeanne K. Barnett, David A. Haake,
Norman F. Cheville

Abstract. The purpose of this study was to compare the immunoreactivity in canine renal tissues stained
with antisera specific for 3 leptospiral antigens and those processed with traditional staining methods. In ad-
dition, immunoglobulin staining was done on tissues with immunoreactivity to leptospiral antigens. Formalin-
fixed renal sections from 12 dogs with chronic interstitial nephritis suspected or proven to have leptospirosis
(6 dogs with silver-stained leptospires and 6 dogs in which silver-stained leptospires were not detected) were
used. Antibodies consisted of a monoclonal antibody toLeptospira kirschneri serovar grippotyphosa lipopoly-
saccharide (LPS) and 2 polyclonal antibodies to outer membrane proteins, including OmpL1, a leptospiral porin,
and LipL41, an outer membrane lipoprotein. The murine monoclonal antisera against LPS (F71C2-1) had the
most abundant and consistent immunoreactivity. Immunoreactive areas were present in 6 of 6 sections positive
by silver staining and included extracellular granular debris in intertubular areas, debris in macrophages, or-
ganisms in tubular lumina, and cytoplasmic granules in tubular epithelia. Antisera with specificity for the outer
membrane proteins OmpL1 and LipL41 detected only intact organisms in tubular lumina. Immunoreactivity to
OmpL1 (polyclonal 338) occurred in 4 of 5 sections positive by silver staining, but immunoreactivity to LipL41
(polyclonal 813) occurred in only 1 of 6 silver-positive sections. Each of the kidney sections in which leptospiral
antigens were detected by immunohistochemistry also was positive by silver staining. Sections negative by
silver staining were also negative by immunostaining. Although immunohistochemistry did not enhance sen-
sitivity, amplification of signal by secondary antibody and hematoxylin counterstaining improved the ease of
diagnosis and allowed better evaluation of tissue morphology than did silver staining methods. IgG was the
most abundant immunoglobulin. IgG immunoreactivity occurred predominantly in plasma cells within interstitial
infiltrates. Interstitial infiltrates contained abundant immunoreactivity to LPS, but immunoreactivity to OmpL1
and LipL41 was not noted.

Leptospirosis, one of the most widespread zoonoses,
is a reemerging disease of dogs.5 Since the first de-
scription in 1899, canine leptospirosis in the United
States has traditionally been associated withLeptospi-
ra interrogans serovars canicola and icterohaemor-
rhagiae. The use of vaccines containing these serovars
has markedly reduced the incidence of leptospirosis in
dogs.1,16 In the last decade, leptospirosis caused by
Leptospira kirschneri serovar grippotyphosa andL. in-
terrogans serovars pomona and bratislava has re-

From the Department of Veterinary Pathology, College of Veter-
inary Medicine, Iowa State University, Ames, IA 50011 (Wild,
Greenlee, Barnett, Cheville), the Bacterial Diseases of Livestock Re-
search Unit, National Animal Disease Center, Agricultural Research
Service, USDA, Ames, IA 50010 (Bolin), the Division of Infectious
Diseases, 111F, VA Greater Los Angeles Healthcare System, Los
Angeles, CA 90073 (Haake), and the Department of Medicine,
School of Medicine, University of California, Los Angeles, CA
90095 (Haake). Current addresses: Animal Health Diagnostic Lab-
oratory, College of Veterinary Medicine, Michigan State University,
East Lansing, MI 48824 (Bolin), and the Department of Biology,
University of Southern Indiana, Evansville, IN 47712-3596 (Bar-
nett).

Received for publication March 5, 2001.

emerged as an important renal and hepatic disease of
dogs in North America.1,4,5,22

Clinical diagnosis of leptospirosis can be challeng-
ing, and multiple concurrent diagnostic methods are
often used. Clinical signs are often nonspecific and
may include fever, myalgia, anorexia, vomiting, and
diarrhea.17,28 Hematuria and jaundice also may be not-
ed. Serologic tests include the microscopic agglutina-
tion test10 and the enzyme-linked immunosorbent as-
say.23 Fluorescent antibody tests,9 dark field micros-
copy, culture, polymerase chain reaction (PCR) assays,
and histopathology with special stains (e.g., silver) can
be used to identify leptospires in the tissues or body
fluid of dogs. However, there are drawbacks to each
of these diagnostic tests. Serology is complicated by
antibody cross-reactivity between different serovars
and by the presence of low titers during acute dis-
ease.1,6,22 Previously vaccinated dogs may have elevat-
ed titers that further complicate diagnosis, and some
dogs may become infected and actively shed organ-
isms without ever having a titer greater than 1:10029

or may seroconvert to negative after appropriate treat-
ment.15 Silver stains are often used to identify lepto-
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spires in fixed tissues. However, difficulties with this
method arise because of extensive reticulin staining
and inability to recognize leptospiral fragments, espe-
cially if few organisms are present. Darkfield micros-
copy is an excellent screening tool for urine but is of
low sensitivity, and organism shedding can be inter-
mittent.1,21 PCR assays can be specific and sensitive
but are not widely available.1,15 Culture is the gold
standard of diagnosis, but leptospires are difficult to
culture and may take many months to grow, and cul-
tures are susceptible to contamination.

Immunofluorescent methods for detection of renal
leptospires were developed many years ago9,19,28 but
were performed using whole leptospires or crude prep-
arations.2,24,27 The 3 antisera used for the present stud-
ies were purified murine monoclonal antibody F71C2-
1 with specific immunoblot reactivity to the serovar
grippotyphosa lipopolysaccharide (LPS) antigen,3,13

polyclonal rabbit antibody with immunoblot reactivity
to a leptospiral outer membrane protein OmpLl,25 and
polyclonal rabbit antibody with immunoblot reactivity
to a surface-exposed lipoprotein LipL41.3,26 In recent
immunohistochemical and immunoblotting studies, the
expression and distribution of specific leptospiral an-
tigens have been characterized during infection in
hamsters.3,20 Although previous studies have addressed
the role of immunoglobulin and leptospiral antigen in
interstitial inflammatory infiltrates,3,19 a relationship
between immunoglobulin and specific leptospiral an-
tigens has not been described. The purpose of this
study was to evaluate the immunoreactivity of these
antisera as a diagnostic tool in tissues obtained from
dogs with interstitial nephritis and to relate immuno-
reactivity to specific leptospiral antigens with the pres-
ence of immunoglobulins within inflammatory foci.

Materials and methods

Dogs. Cases of suspected leptospirosis (n � 12) were re-
trieved from the archives of the Department of Veterinary
Pathology at Iowa State University. Selection was based on
a morphologic diagnosis of chronic interstitial nephritis,
clinical evidence of acute febrile disease, and documented
or suspected leptospirosis. These cases were divided into 2
groups: group 1 included 6 dogs in which leptospires were
detected by silver staining of tissue, and group 2 included 6
dogs in which leptospires or leptospiral fragments were not
observed in tissue sections. Lesions of interstitial nephritis
were subjectively graded according to degree of inflamma-
tion that included foci of plasma cells, lymphocytes, and
lesser numbers of macrophages and neutrophils:� � neg-
ative, � � mild, �� � moderate, and��� � severe and
extensive.

Immunohistochemistry. Modifications of previously de-
scribed immunohistochemical techniques3 were used. Serial
5-�m sections of kidney were placed on positively charged
slidesa and processed using hematoxylin and eosin (HE), sil-

ver stains for leptospires,8 and 3 antisera for immunohisto-
chemical detection of leptospiral antigens. For immunohis-
tochemical staining, tissues were deparaffinized with xylene,
rehydrated through graded alcohols, and incubated in work-
ing Tris (pH 7.6) for 15 min at 37 C followed by pretreat-
ment with 0.1% trypsin in 0.1 M Tris HCl (pH 7.6) with
0.1% CaCl2 for 5 min at 37 C. Nonspecific staining of tissue
sections was blocked using 10% normal goat serum with
incubation at room temperature for 20 min prior to incuba-
tion overnight at 4 C with primary antibody. Three primary
antisera were used at the stated dilutions: monoclonal anti-
body F71C2-1b (1:12,000) to serovar grippotyphosa LPS,
polyclonal rabbit antibody 813 (1:5,000) specific to the outer
membrane protein LipL41, and polyclonal rabbit antibody
338 (1:6,000) specific to the outer membrane protein
OmpL1. Description and preparation of rabbit polyclonal an-
tisera to LipL4126 and OmpL111 have been previously pub-
lished. Controls included normal rabbit serum without pri-
mary antibody. Unbound primary antibody was removed by
rinsing with Tris, and tissues were incubated at room tem-
perature for 30 min with biotinylated goat anti-mouse im-
munoglobulinc (monoclonal antibody F71C2-1) or biotiny-
lated goat anti-rabbit immunoglobulinb (polyclonal antibod-
ies 813 and 338). After washing, sections were incubated for
20 min at room temperature with streptavidin–alkaline phos-
phatase,c and enzyme reactions were developed using a New
Fuchsin staining system.c Slides were counterstained in he-
matoxylin for 1 min, dehydrated through graded alcohols
and Propar, and coverslipped. Immunoreactivity was graded
according to the following criteria: negative (�) � no foci,
� � mild, �3 foci, �� � moderate, 4–9 foci, and��� �
severe and extensive,�10 foci per histologic renal section.

Immunoglobulin staining. Sections were immunohisto-
chemically stained to identify canine IgA, IgG, and IgM in
the plasmacytes of chronic inflammatory foci. Tissues were
deparaffinized in xylene and rehydrated through graded al-
cohols. Antigen retrieval was performed on slides preheated
to 37 C by microwaving for 1.5 min at 630 W followed by
5 min at 180 W in Tris (pH 10) buffer. Primary antibody
was applied at the following dilutions: IgG, 1:30,000; IgA,
1:5,000; and IgM, 1:2,000. Endogenous peroxide activity
was blocked by the addition of 3% hydrogen peroxide so-
lution for 2 min. Following 2 rinses in working Tris, sec-
ondary antibodyd (rabbit anti-goat for IgG and IgM and goat
anti-rabbit for IgA) was applied for 15 min. An additional 2
rinses were performed then streptavidine was added at a 1:
200 dilution and the chromogen 3-amino,9-ethylcarbazole
was applied for 20 min. Slides were counterstained with he-
matoxylin and coverslipped. Immunoreactivity was subjec-
tively assessed as the percentage of reactivity of the total
plasma cells for each immunoglobulin.

Results

Histologic changes in kidneys consisted of intersti-
tial nephritis characterized by multifocal to coalescing
infiltrates with plasma cells, lymphocytes, and occa-
sional macrophages and neutrophils located in cortical
and medullary areas. In some sections, inflammatory
foci also were located in the renal pelvis. Proteina-
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Figure 1. Immunohistochemical staining of leptospiral antigens
with polyclonal 338 (monospecific antisera to OmpL1) is associated
with organisms attached to the microvillous surface of a canine
proximal convoluted tubule. Immunoreactivity is limited to tubular
lumen and is not present in adjacent peritubular tissue, blood vessels,
or distal tubule (top right).

Table 1. Immunohistochemical reactivity of renal tissue from
dogs with chronic interstitial nephritis and acute tubular necrosis.
Positive control tissue had positive reactions in all tests; negative
control tissues were all negative.

Dog
no.

Age
(yr) Sex Nephritis*

Immunohistochemistry†

F71C2 813 338

Silver stain positive for leptospires

1
2
3
4
5
6

5
3
8
6
2
5

M
CM‡
M
M
F
M

���
���
���
���
���
���

��
���

�
�

���
�

�
�
�
�
�
�

�
NA
�
�
�
�

Silver stain negative for leptospires

7
8
9

10
11
12

2
2

NA
8
7
6

M
M
CM
F
M
CM

�
�
�
�

��
��

�
�
�
�
�
�

�
�
�
�
�
�

�
�
�
�
�
�

* � � negative;� � mild; �� � moderate;��� � severe and
extensive.

† Stain amount/intensity;� � negative;� � �3 foci; �� � 4–
9 foci; ��� � �10 foci. F71C2� monoclonal antibody toL.
grippotyphosa lipopolysaccharide, 1:12,000 dilution; 813� mono-
specific rabbit antiserum against outer membrane protein LipL41, 1:
5,000 dilution; 338� monospecific rabbit antiserum to OmpLI, 1:
6,000 dilution.

‡ CM � castrated male.
§ NA � information not available.

Figure 2. Immunohistochemical staining of a section serial to
that in Fig. 1 with F71C2-1 (monoclonal antibody toL. grippoty-
phosa lipopolysaccharide). Immunoreactivity is abundant within
proximal convoluted tubular epithelium, in adjacent peritubular con-
nective tissue, and in distal tubular epithelium.

ceous precipitates were common in urinary spaces and
tubular lumina, and peritubular basement membranes
were thickened; some dogs also had evidence of tu-
bular necrosis. In silver-stained sections from dogs 1–
6, organisms were present in variable numbers within
tubules, and intact and degenerate leptospires were
present in proteinaceous tubular casts.

Each case that had silver-stained leptospires also had
immunoreactive foci with at least 1 of the antibodies
used. Cases that were negative by silver stain also
were not immunoreactive. Positive anti-OmpL1 reac-
tivity was restricted in location to the nephron and
largely limited to microvillous surfaces of proximal
convoluted tubular epithelial cells (Fig. 1). Immuno-
histochemical staining for LipL41 was observed 1 dog
(Table 1) and was associated with intact organisms at-
tached to the microvillous surface of a proximal con-
voluted tubule. Immunoreactivity was limited to the
tubular lumen; it was not present in adjacent peritu-
bular tissue, blood vessels, or distal tubules. In con-
trast, immunoreactivity to serovar grippotyphosa LPS
(F71C2-1) was copious and antigens were detected
within proximal convoluted tubular epithelium (Fig.
2), in adjacent peritubular connective tissue, and in
distal tubular epithelium. In dogs 1, 2, and 5 there
were extensive areas within the renal cortex that con-
tained large amounts of leptospiral LPS (Fig. 3). In
addition, macrophages in foci of interstitial nephritis
contained intense staining for leptospiral LPS antigen
(Fig. 4).

The majority (65%) of plasmacytes in areas of in-
flammation contained IgG. Abundant immunoreactiv-
ity to LPS was present in these interstitial infiltrates,
but immunoreactivity to antigens associated with intact
organisms (OmpL1, LipL41) was not noted. Smaller

numbers of plasmacytes stained for IgM. Rare plas-
macytes in these foci stained for IgA, although in 4
dogs IgA-positive cells were present.

Discussion

Immunohistochemical reagents prepared against
leptospiral antigens are useful aids in diagnosing ca-
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Figure 3. Marked immunoreactivity of antigens in peritubular
interstitium of the canine kidney with F71C2-1 (monoclonal anti-
body to L. grippotyphosa lipopolysaccharide). Section adjacent to
that of Fig. 1. The reactivity is present in macrophages, necrotic
cells, and tissue debris.

Figure 4. Chronic interstitial inflammatory cell infiltrate with
immunoreactivity to F71C2-1 (monoclonal antibody toL. grippo-
typhosa lipopolysaccharide). Antigens present in macrophages with-
in a focal area of plasmacytes.

nine leptospirosis. Although the immunohistochemical
technique used here did not increase the sensitivity for
diagnosis as compared to silver staining methods, tis-
sues stained immunohistochemically were easier to
evaluate. The high level of immunoreactivity to the
monoclonal antibody for leptospiral LPS in the neph-
ron and surrounding tissue reduces the time required
for evaluation, and hematoxylin counterstaining allows
for improved tissue evaluation over silver-staining
methods. Sites immunoreactive with antisera associ-
ated with intact organisms (OmpL1 and LipL41) tend-
ed to be few in number, but the red areas of immu-
noreactivity could be easily distinguished from sur-
rounding tissue. Amount of immunoreactivity to the
different antisera may reflect the relative expression of
the leptospiral antigens against which the antisera are
prepared.12

Previous immunoperoxidase staining of renal his-
tologic sections of hamsters with acute tubular necrosis
caused byL. interrogans serovar canicola had reactiv-
ity for intact leptospires and granular deposits in peri-
vascular locations.20 Only the homologous serovar was
agglutinated by monoclonal antibodies, indicating that
the recognized epitope is a surface-exposed antigen.20

Individual serovars may cause different expression of
bacterial surface components during replication in
vivo. In vivo adaptation by pathogenic leptospires ap-
pears to involve a differential expression of outer
membrane components, including proteins and LPS.13

Tissues used in this retrospective study were not cul-
tured for leptospires; therefore, it was not possible to
identify which leptospiral serovar was present in im-
munoreactive cases. However, the murine monoclonal
antibody F71C2-1 has specific immunoblot reactivity
to serovar grippotyphosa. Cross-reactivity to other ser-

ovars is not expected. OmpL1 and LipL41 are anti-
genically conserved among pathogenicLeptospira
species,14 so the presence of intact pathogenic lepto-
spires of any serovar could potentially result in im-
munoreactivity when using polyclonal antisera 338 or
813.

The presence of leptospiral antigens in intact intra-
tubular locations and within interstitial macrophage
cytoplasmic granular debris confirms results of previ-
ous studies.19 Leptospiral antigens have been demon-
strated by immunohistochemistry in renal tubules and
peritubular macrophages.2,19,27,28In most of these stud-
ies, the immunofluorescent or immunoperoxidase
staining procedures used were associated with loss of
tissue structural integrity, resulting in difficulty in as-
sessment of lesion location. In macrophages, intact or
discrete leptospires have not been demonstrated im-
munohistochemically nor have they been seen by ul-
trastructural examination.

The interstitial inflammatory infiltrate in renal lep-
tospirosis is composed of lymphocytes, monocytes,
plasma cells, and occasional neutrophils.3,7,18,27,28Lym-
phoplasmacytic lesions in dogs are strikingly similar
to renal lesions of leptospirosis in humans.27 These in-
filtrates are thought to function in local production of
antileptospiral antibody and phagocytosis.19 Renal
plasma cell populations in canine leptospirosis caused
by L. interrogans serovar canicola have been previ-
ously determined to contain predominantly IgG.19 In
the present study, 65% of the plasma cells contained
IgG and 35% of the plasma cells in inflammatory foci
were IgM bearing. Immunoreactivity for LPS is abun-
dant in areas of interstitial inflammation where im-
munoglobulin immunoreactivity occurs. However, it is
currently unknown if the immunoglobulin immunore-
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activity has a temporal relationship to the progression
or resolution of canine leptospiral infections.

Renal immunohistochemistry with formalin-fixed,
paraffin-embedded tissues using antisera with immu-
noblot specificity to leptospiral LPS or outer mem-
brane components is a useful aid in diagnosis of canine
leptospirosis from tissues taken by biopsy or necropsy.
This technique is an improvement over previous im-
munohistochemical means of diagnosing leptospirosis
in the dog, where antisera were not immunoblot spe-
cific and staining procedures resulted in a loss of tissue
integrity. Use of this technique in experimental studies
could help further define the pathogenesis of canine
leptospirosis by pinpointing antigen location at differ-
ent stages of infection.
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